(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
24.11.1999 Bulletin 1999/47 

(21) Application number: 96102724.0 

(22) Date of filing: 23.02.1996 



(n) EP 0 741 330 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Intel 6; G03F 1/00 



(54) Flexographic element having an infrared abiatable layer and process for making a f lexographic 
printing plate 

Flexodruckelement mit einer durch IR-Bestrahlung ablativen Schicht und Verfahren zur Herstellung 
einer Flexodruckplatte 

Element d'impression flexographique avec une couche abiatable par infrarouge et procede de 
fabrication d'une plaque d'impression flexographique 



© 

© 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 01.05.1995 US 432450 

(43) Date of publication of application: 
06.11.1996 Bulletin 1996/45 

(73) Proprietor E.I. DU PONT DE NEMOURS AND 
COMPANY 

Wilmington Delaware 19898 (US) 

(72) Inventor: Fan, Roxy Ni 

East Brunswick, New Jersey 08816 (US) 



(74) Representative: Towler, Philip Dean et al 
Frank B. Dehn & Co., 
European Patent Attorneys, 
179 Queen Victoria Street 
London EC4V 4EL (GB) 



(56) References cited: 
WO-A-94/03839 
FR-A- 2 258 649 
US-A- 5 262 275 



DE-A-4 107 378 
US-A- 4 469 775 



o PATENT ABSTRACTS OF JAPAN vol. 007, no. 
138 (P-204), 16 June 1983 & JP-A-58 052646 
(DAINIPPON INSATSU KK), 28 March 1983, 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 741 330 B1 



Description 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

[0001] This invention relates to a process for making a flexographic printing plate from a photosensitive printing 
element, particularly a flexographic element having an infrared radiation abiatable layer capable of being selectively 
removed by a laser beam. 

10 

2. Description of the Prior Art 

[0002] Flexographic printing plates are well known for use in printing, particularly on surfaces which are soft and 
easily deformable, such as packaging materials, e.g., cardboard, plastic films, etc. Flexographic printing plates can be 

15 prepared from photopolymerizable compositions, such as those described in U.S. patents 4,323,637 and 4,427,749. 
-^The photopolymerizable compositions generally comprise an elastomeric binder, at least one monomer and a photoin- 
itiator. Photosensitive elements generally have a photopolymerizable layer interposed between a support and a cov- 
ersheet or multilayer cover element. Upon imagewise exposure to actinic radiation, polymerization, and hence, ^sol- 
ubilization of the photopolymerizable layer occurs in the exposed areas. Treatment with a suitable solvent removes 

20 the unexposed areas of the photopolymerizable layer leaving a printing relief which can be used for flexographic print- 
ing. 

[0003] imagewise exposure of a photosensitive element requires the use of a phototool which is a mask having clear 
and opaque areas covering the photopolymerizable layer. The phototool prevents exposure and polymerization in the 
opaque areas. The phototool allows exposure to radiation in the clear areas so that these areas polymerize and remain 
25 on the support after the development step. The phototool is usually a photographic negative of the desired printing 
image. If corrections are needed in the final image a new negative must be made. This is a time-consuming process. 
In addition, the phototool may change slightly in dimension due to changes in temperature and humidity. Thus, the 
same phototool, when used at different times or in different environments, may give different results and could cause 
registration problems. 

30 [0004] Thus, it would be desirable to eliminate the phototool by directly recording information on a photosensitive 
element, e.g., by means of a laser beam. The image to be developed could be translated into digital information and 
the digital information used to place the laser for imaging. The digital information could even be transmitted from a 
distant location. Corrections could be made easily and quickly by adjusting the digitized image. In addition, the digitized 
image could be either positive or negative, eliminating the need to have both positive-working and negative-working 

35 photosensitive materials, or positive and negative phototools. This saves storage space and, thus, reduces cost. An- 
other advantage is that registration can be precisely controlled by machine during the imaging step. Digitized imaging 
without a phototool is particularly well-suited for formaking seamless, continuous printing forms. 
[0005] In general, it has not been very practical to use lasers to image the photopolymerizable layer of the elements 
which are used to prepare flexographic printing plates. The elements have low photosensitivity and require long ex- 

40 posure times even with high powered lasers. In addition, most of the photopolymerizable materials used in these 
elements have their greatest sensitivity in the ultraviolet range. While UV lasers are known, economical and reliable 
UV lasers with high power, such as the ion laser, are generally not available. In UV lasers, such as the excimer laser, 
the laser cannot be modulated quickly enough to create a precise image at high write speeds. However, non-UV lasers 
are available which are relatively inexpensive, and which have a useful power output and which can be utilized to form 

45 a mask image on top of flexographic printing elements. 

[0006] U.S. Patent 5,262,275 and WO 96/16356 describe a photosensitive element and a process for making flex- 
ographic plates, respectively. The element comprises a support, a photopolymerizable layer, at least one barrier layer, 
and at least one layer of infrared radiation sensitive material. The process includes the step of imagewise ablation of 
the layer of infrared radiation sensitive material with infrared laser radiation to form a mask. The element is then exposed 

50 to actinic radiation through the mask and treated with developer solution. This method requires the photosensitive 
element to contain a barrier layer between the photopolymerizable layer and the infrared sensitive, layer. This barrier 
layer complicates the manufacturing process and increases costs for producing laser abiatable flexographic plates. 
Similar elements containing a barrier layer are further known from DE-A 41 07 378 and U.S. Patent 4,469,775. WO 
94/03839 discloses a photosensitive element and a process for preparing a relief image. The element includes a sup- 

55 port, a photosensitive layer, at least one infrared radiation sensitive layer which is substantially opaque to actinic ra- 
diation; and a coversheet. Optionally, a barrier layer is interposed between the photosensitive layer and the infrared- 
sensitive layer. When the element is not imaged and developed immediately after it is put together, it is preferred that 
a barrier layer be present. The infrared-sensitive layer has an adhesion balance between the coversheet layer and the 
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photosensitive layer or barrier layer such that it adheres more strongly to one of the layers. The process includes 
imagewise exposing the element to infrared laser radiation through the coversheet. After exposure to infrared laser 
radiation the infrared-sensitive layer adheres more strongly to the layer to which it had lower adhesion prior to the 
exposure. The coversheet is then removed having adhered thereto part of the infrared radiation sensitive layer, creating 
s an actinic radiation opaque mask on the photosensitive layer (or barrier layer). The element is then exposed overall 
to actinic radiation through the mask and developed to form a relief. In this application imagewise exposure to laser 
radiation changes the adhesion of the infrared sensitive layer. 

[0007] EP 0 634 695 A1 discloses a laser-imageable flexographic printing plate in which a slip layer doped with a 
UV absorber is laminated to a photopolymer layer. The slip layer is ablated from the photopolymer layer using a laser 
10 operating at a wavelength between 300 to 400 nm to create an in situ negative. The uncured plate is then flood-exposed 
to U V light in the usual fashion and developed. One disadvantage is that since both the slip layer and the photopolymer 
layer are sensitive to UV radiation, the laser must be carefully controlled to only selectively ablate the slip layer con- 
taining the UV absorber from the UV sensitive photopolymer layer without detrimentally affecting the photopolymer 
layer itself. 

15 

SUMMARY OF THE INVENTION 

[0008] In accordance with this invention there is provided 
20 (1) a photosensitive element for use as a photopolymer printing plate, comprising: 

(a) a support; 

(b) at least one layer of a photopolymerizable material on the support, the photopolymerizable material com- 
prising at least one elastomeric binder, at least one monomer, at least one initiator having sensitivity to non- 
25 infrared actinic radiation, and optionally at least one plasticizer, wherein at least one of the monomer and the 

optional plasticizer is a low molecular weight material; and 

(c) at least one infrared ablation layer which is ablatable by infrared radiation and substantially opaque to non- 
infrared actinic radiation, said infrared ablation layer being in direct contact with the at least one layer of pho- 
topolymerizable material (b) and having a surface opposite the photopolymerizable layer (b) capable of being 

30 exposed to laser ablation, the infrared layer comprising: 

(i) at least one infrared absorbing material; 

(ii) a radiation opaque material, wherein (i) and (ii) can be the same or different; and 

(iii) at least one binder which is substantially incompatible with at least one of the low molecular weight 
35 materials of layer (b) and which is selected from polyamides, copolymers of ethylene and vinyl acetate, 

hydroxyalkyl cellulose, cellulose acetate butyrate, polybutyral, cyclic rubbers, nitroglycerine, polyacetals, 
polyimides, polycarbonates, polyesters, polyalkylenes, polyphenylene ethers, polyethylene oxides, poly- 
lactones, and combinations thereof; and optionally, 

40 (d) a coversheet; 

wherein the infrared ablation layer is tack-free or substantially tack-free on the photopolymerizable layer 
and is ablatable from the surface of the photopolymerizable layer upon exposure to infrared laser radiation 
after removal of the coversheet, if present, and 

45 (2) a process for making a flexographic photopolymer printing plate from the photosensitive element described in 

(1) above. 

DETAILED DESCRIPTION OF INVENTION 

so [0009] The element and process of the invention combines the convenience and sensitivity of infrared laser imaging 
with conventional photopolymerizable compositions to produce flexographic printing plates with known good printing 
quality quickly, economically, and by digital imaging means. Surprisingly, the photosensitive element of this invention 
does not require the presence of a barrier layer between a photopolymerizable layer and an infrared radiation sensitive 
layer in order to overcome the tackiness and provide an oxygen barrier. Advantageously, the elimination of the barrier 

55 layer simplifies the manufacturing process, improves the coating yield and reduces costs. 

[0010] The photosensitive element comprises, in order, a support, a photopolymerizable layer, and a layer of infrared 
radiation sensitive material. The term "infrared radiation sensitive " will be used throughout the specification interchange- 
ably with the term 'infrared sensitive". 
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[0011] The support can be any flexible material which is conventionally used with photosensitive elements used to 
prepare flexographic printing plates. Examples of suitable support materials include polymeric films such those formed 
by addition polymers and linear condensation polymers, transparent foams and fabrics, and metals such as aluminum. 
It is preferred that the support be transparent to actinic radiation (which throughout this specification will be meant to 

5 include ultraviolet radiation and/or visible light), and optionally transparent to infrared radiation, i.e., allow the radiation 
to pass through the support unattenuated or substantially unattenuated. It is understood that a metal support is not 
transparent to radiation, but this is acceptable under certain end-use applications. A preferred support is a polyester 
film; particularly preferred is polyethylene terephthalate. The support typically has a thickness from 0.051 to 0.25 mm 
(2 to 10 mils), with a preferred thickness of 0.076 to 0.20 mm (3 to 8 mils). 

10 [0012] As used herein, the term "photopolymerizable" is intended to encompass systems which are photopolymer- 
izable, photocrosslinkable, or both. The photopolymerizable layer comprises an elastomeric binder, at least one mon- 
omer and an initiator, where the initiator has a sensitivity to non-infrared actinic radiation. In most cases, the initiator 
will be sensitive to visible and/or ultraviolet radiation. Any photopolymerizable compositions which are suitable for the 
formation of flexographic printing plates can be used for the present invention. Examples of suitable compositions have 

is been disclosed, for example, in Chen et al., U.S. Patent 4,323,637; Gruetzmacher et al., U.S. Patent 4,427,749 and 
Feinberg et al., U.S. Patent 4,894,315. 

[0013] The elastomeric binder can be a single polymer or mixture of polymers which can be soluble, swellable or 
dispersible in aqueous, semi-aqueous or organic solvent developers. Binders which are soluble or dispersible in aque- 
ous or semi-aqueous developers have been disclosed in Alles, U.S. Patent 3,458,311; Pohl, U.S. Patent 4,442,302; 

20 Pine, U.S. Patent 4,361,640; Inoue et al., U.S. Patent 3,794,494; Proskow, U.S. Patent 4,177,074; Proskow, U.S. 
Patent 4,431,723; and Worns, U.S. Patent 4,517,279. Binders which are soluble, swellable or dispersible in organic 
solvent developers include natural or synthetic polymers of conjugated diolefin hydrocarbons, including polyisoprene, 
1,2-polybutadiene, 1 ,4-polybutadiene, butadiene/acrylonitrile, butadiene/styrene thermoplastic-elastomeric block co- 
polymers and other copolymers. The block copolymers discussed in Chen U.S. Patent 4,323,636; Heinz et al., U.S. 

25 Patent 4,430,417; and Toda et al., U.S. Patent 4,045,231 can be used. It is preferred that the binder be present in at 
least an amount of 65% by weight of the photosensitive layer. 

[0014] The term binder, as used herein, encompasses core shell microgels and blends of microgels'and preformed 
macromolecular polymers, such as those disclosed in Fryd et al., U.S. Patent 4,956,252. 

[0015] The photopolymerizable layer can contain a single monomer or mixture of monomers which must be com- 

30 patible with the binder to the extent that a clear, non-cloudy photosensitive layer is produced. Monomers that can be 
used in the photopolymerizable layer are well known in the art and include, but are not limited to, addition-polymerization 
ethylenically unsaturated compounds having relatively low molecular weights (generally less than 30,000). Preferably, 
the monomers have a relatively low molecular weight, less than 5000. Unless described otherwise, throughout the 
specification molecular weight is the weighted average molecular weight. Examples of suitable monomers include, but 

35 are not limited to, t-butyl acrylate, lauryl acrylate, the acrylate and methacrylate mono- and poly-esters of alcohols and 
poiyols such as alkanols, e.g., 1,4-butanediol diacrylate, 2,2,4-trimethyl-1,3 pentanediol dimethacrylate, and 
2,2-dimethylolpropane diacrylate; alkylene glycols, e.g., tripropylene glycol diacrylate, butylene glycol dimethacrylate, 
hexamethylene glycol diacrylate, and hexamethylene glycol dimethacrylate; trimethylol propane; ethoxylated trimeth- 
ylol propane; pentaerythritol, e.g., pentaerythritol triacrylate and dipentaerythritol. Other examples of suitable mono- 

40 mers include acrylate and methacrylate derivatives of isocyanates, esters, epoxides and the like, such as decameth- 
ylene glycol diacrylate, 2,2-di(p-hydroxyphenyl)propane diacrylate, 2,2-di(p-hydroxyphenyl)propane dimethacrylate, 
polyoxyethyl-2,2-di(p-hydroxyphenyl)propane dimethacrylate, and 1 -phenyl ethylene-1 ,2-dimethacrylate. Further ex- 
amples of monomers can be found in Chen, U.S. Patent 4,323,636; Fryd et al., U.S. Patent 4,753,865; Fryd et al., U. 
S. Patent 4,726,877 and Feinberg et al., U.S. Patent 4,894,315. It is preferred that the monomer be present in at least 

45 an amount of 5% by weight of the photopolymerizable layer. 

[0016] The photoinitiatorcan be any single compound or combination of compounds which is sensitive to non-infrared 
actinic radiation, generating free radicals which initiate the polymerization of the monomer or monomers without ex- 
cessive termination. The photoinitiator is generally sensitive to visible or ultraviolet radiation, preferably ultraviolet 
radiation. The photoinitiator must also be insensitive to infrared radiation and should be thermally inactive at and below 

50 1 85°C. Examples of suitable photoinitiators include the substituted and unsubstituted polynuclear quinones. Examples 
of suitable systems have been disclosed in Gruetzmacher, U.S. Patent 4,460,675 and Feinberg et al., U.S. Patent 
4,894,315. Photoinitiators are generally present in amounts from 0.001% to 10.0% based on the weight of the pho- 
topolymerizable composition. 

[0017] The photopolymerizable layer can contain other additives depending on the final properties desired. Such 
55 additives include sensitizers, plasticizers, rheology modifiers, thermal polymerization inhibitors, tackifiers, colorants, 
antioxidants, antiozonants, or fillers. 

[0018] Plasticizers are used to adjust the film-forming properties of the elastomer. Examples of suitable plasticizers 
include aliphatic hydrocarbon oils, e.g., naphthenic and paraffinic oils; liquid polydienes, e.g., liquid polybutadiene; 
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liquid polyisoprene. Generally, plasticizers are liquids having molecular weights of less than 5,000, but can have mo- 
lecular weights up to 30,000. Plasticizers having low molecular weight will encompass molecular weights less than 
30,000. 

[001 9] The thickness of the photopolymerizable layer can vary over a wide range depending upon the type of printing 
s plate desired. For so-called "thin plates' the photopolymerizable layer can be from 0.5 to 1.7 mm (20 to 67 mils) in 
thickness. Thicker plates will have a photopolymerizable layer up to 2.5 to 6.4 mm (100 to 250 mils) in thickness or 
greater. _ ' 

[0020] In general, the photopolymerizable layer contains one or more compounds which can migrate to the surface 
of the photopolymer layer and possibly intoadjacent layers. In general, low molecular weight compounds, i.e., molecular 
10 weight less than 30,000, are migratory. Low molecular weight compounds which are migratory are primarily liquids but 
can also include low melting solid materials. Examples of such migratory materials include monomers and plasticizers. 
The migratory materials tend to migrate over time if they are compatible with materials in adjacent layers. If such 
migration occurs into the infrared sensitive layer, then the infrared sensitivity of that layer can be altered. 
[0021 ] I n conventional photopolymer elements, a release layer on the photopolymer layer was necessary to minimize 

16 the migration of materials between the photopolymerizable layer and another layer as well as to shield the photopolymer 
layer from the atmospheric oxygen when the photopolymerizable layer is overall exposed to actinic radiation. Similarly, 
in the photosensitive element of U.S. Patent 5,262,275 and WO 96/16356 a barrier layer is required between the 
. photopolymer layer and the infrared sensitive layer to shield the photopolymerizable layer from atmospheric oxygen 
and to minimize migration of materials between the photopolymerizable layer and the infrared sensitive layer. 

20 [0022] Surprisingly, it has been discovered that a barrier layer between the photopolymerizable layer and the infrared 
sensitive layer is not necessary to provide a tack-free surface to the infrared sensitive layer when the infrared-sensitive 
layer of the present invention is used. The infrared sensitive layer on the photopolymerizable layer is tack-free when 
the binder of the infrared sensitive layer has minimum or no compatibility with low molecular weight materials in the 
photopolymerizable layer. Also, it was surprising that good photopolymerization of the photosensitive element not hav- 

25 ing a barrier layer was obtained upon exposure, i.e., without a shield to atomospheric oxygen. 

[0023] Further, it was most surprising that there are advantages to the ultimate print quality of a photosensitive 
element which does not contain a barrier layer. A photosensitive element having a barrier layer generally has higher 
stain in the ablated areas than a photosensitive element without a barrier layer, when both elements are exposed with 
the same laser fluence. Also, wrinkling of the surface of the element occurred in a photosensitive element having a 

30 barrier layer when the photosensitive element was imagewise ablated in the round (i.e., on a drum) and treated in a 
flat orientation i.e., UV exposed and washed out. No wrinkling is observed for photosensitive elements without a barrier 
layer given the same ablation and treating orientation. Wrinkles and higher stain are undesirable. Wrinkles result in 
poor printing quality, i.e., printable stretch marks and low solid density in the solid areas. Higher stain results in low 
photo speed. 

35 [0024] On the photopolymerizable layer, there is at least one infrared radiation sensitive layer, i.e., an infrared ablation 
layer which is ablatable, i.e., vaporizes and/or decomposes by exposure to infrared laser radiation. The at least one 
infrared sensitive layer includes (i) at least one infrared absorbing material, (ii) a radiation opaque material and (iii) at 
least one binder which is substantially incompatible with the at least one of the migratory materials of layer (b). The 
infrared sensitive layer is tack-free or substantially tack-free when on the photopolymerizable layer, and preferably is 

40 tack-free or substantially tack-free when not associated with a photopolymerizabie layer. 

[0025] The infrared-sensitive layer should be capable of absorbing infrared radiation and should be opaque to actinic 
radiation. A single material or a combination of materials can be used to provide capabilities of absorbing infrared 
radiation and blocking actinic radiation. This layer may be referred to as the "infrared-sensitive layer" or the "actinic 
radiation opaque layer" (radiation opaque layer). Although the infrared-sensitive layer is referred to herein as a single 

45 layer, it will be understood that two or more infrared-sensitive layers can be used. In the case where two or more 
infrared-sensitive layers are used, only the binders of the infrared sensitive layer which is adjacent to the photopoly- 
merizable layer need to be incompatible with the migratory materials of the photopolymerizable layer. The properties 
of the infrared-sensitive layer can be modified by using other ingredients, such as, for example, plasticizers, pigment 
dispersants, surfactants, adhesion modifiers and coating aids, provided that they do not adversely affect the imaging 

so properties of the element. 

[0026] The infrared-absorbing material should have a strong absorption in the region of the infrared imaging radiation, 
typically 750 to 20,000 nm. Examples of suitable infrared-absorbing materials include dark inorganic pigments such 
as carbon black, graphite, copper chromite, chromium oxides and cobalt chrome aluminate. Dyes are also suitable as 
infrared-absorbing agents. Examples of suitable dyes include, poly(substituted)phthalocyanine compounds; cyanine 

55 dyes; squarylium dyes; chalcogenopyryloarylidene dyes; bis (chalcogenopyrylo)-polymethine dyes; oxyindolizine dyes; 
bis(aminoaryl)-polymethine dyes; merocyanine dyes; croconium dyes; metal thiolate dyes; and quinoid dyes. 
[0027] Infrared-absorbing materials can be present in any concentration which is effective for the intended purpose. 
In general, for the organic compounds, concentrations of 0. 1 to 80% by weight, based on the total weight of the infrared 
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sensitive layer, have been found to be effective. 

[0028] As initiators used in the photopolymerizable layer are often sensitive to actinic radiation in the ultraviolet and/ 
or visible region, the infrared sensitive layer must be opaque to ultraviolet or visible radiation. Thus, the infrared sensitive 
layer should include a radiation-opaque material. Any material which prevents the transmission of actinic light to the 

s photopolymerizable layer can be used in the infrared radiation sensitive material as the radiation-opaque material. 
Examples of suitable radiation-opaque materials include dyes which absorb ultraviolet or visible radiation, dark inor- 
ganic pigments and combinations thereof. Preferred radiation -opaque materials are carbon black and graphite. The 
concentration of carbon black as the radiation-opaque material is chosen so as to achieve the desired optical density, 
i.e., so that the radiation-opaque layer prevents the transmission of actinic radiation to the photopolymerizable layer. 

io in general, a transmission optical density (OD) greater than 2.0 is preferred. 

[0029] The dark inorganic pigments generally function as both infrared absorbing material and radiation-opaque 
material. Carbon black, graphite and mixtures thereof are particularly preferred dark inorganic pigments since they 
function as both the infrared absorbing agent and the radiation-opaque material in the infrared radiation sensitive 
material. Metals and alloys can also function as both the infrared absorbing material and radiation opaque material. 

is To the extent that metals and alloys can be applied with the binder, they can also be used. Examples of metals include 
aluminum, copper, and zinc, and alloys cf bismuth, indium and copper. 

[0030] Radiation opaque materials can be present in any concentration that is effective for the intended purpose. 
The concentration of radiation-opaque material and infrared absorbing materials which are needed decreases with 
increasing thickness of the infrared sensitive layer. Thinner layers are preferred for higher ablation efficiency. In general, 
20 a concentration of 1 -70% by weight, and preferably 1 0-60% by weight, based on the total weight of the infrared sensitive 
layer can be used. It is preferred when the infrared absorbing material is the same as the radiation opaque material to 
use 10-60% by weight, based on the total weight of the infrared sensitive layer. 

[0031] As is known to those skilled in the art, since a dye alone is not sufficient to function as both the infrared 
absorbing material and radiation opaque material, at least two dyes would be required to provide both functionalities 
25 to the infrared radiation sensitive material. It is also contemplated that the combination of a dye with a pigment would 
provide both functions to the infrared sensitive layer. 

[0032] It is generally preferred that the infrared -absorbing material and the radiation opaque material in the infrared 
sensitive layer adjacent to the photopolymerizable layer are non-migratory such that they do not migrate into the pho- 
topolymerizable layer. Thus, low molecular weight infrared-absorbing materials and/or the radiation-opaque materials, 
30 e.g., dyes, may not be suitable. However, dyes may be used in other infrared sensitive layers not adjacent to the 
photopolymerizable layer. 

[0033] A dispersant is generally added when a pigment is present in the infrared-sensitive layer in order to disperse 
the fine particles and avoid flocculation and agglomeration. A wide range of dispersants is commercially available. 
Suitable dispersants are the A-B dispersants generally described in "Use of A-B Block polymers as Dispersants for 

35 Non-aqueous Coating Systems" by H. K. Jakubauskas, Journal of Coating Technology, Vol. 58; Number 736; pages 
71-82. Useful A-B dispersants are disclosed in U.S. Patents 3,684,771; 3,788,996; 4,070,388 and 4,032,698. The 
dispersant is generally present in an amount of 0.1 to 10% by weight, based on the total weight of the layer. 
[0034] The binder for the infrared sensitive layer is a polymeric material which is incompatible or substantially in- 
compatible with at least one of the materials in the photopolymerizable layer which are migratory, that is, the monomer 

to or monomers and plasticizers (when present). When the binder is incompatible or substantially incompatible with the 
migratory materials in the photopolymerizable layer, a barrier or release layer is not necessary between the infrared 
sensitive layer and the photopolymerizable layer. It is preferred that the binder for the infrared sensitive layer be tack- 
free or substantially tack-free. That is, the binder when incorporated into an infrared sensitive layer (and not associated 
with a photopolymerizable layer), should have no or only a slight stickiness or oilyness to the touch of the surface of 
the layer. 

[0035] Further, when the infrared sensitive layer containing the binder is in contact with the photopolymerizable layer, 
the surface of the infrared sensitive layer remains tack-free or substantially tack-free. The incompatibility of the binder 
of the infrared sensitive layer to the migratory materials in the photopolymerizable layer is determined by touching the 
top surface, i.e., exposed surface, of the infrared sensitive layer after the infrared sensitive layer has been brought in 

50 contact (by conventional means such as lamination and coating) with the photopolymerizable layer. If the surface of 
the infrared sensitive layer is tack-free or only slightly tacky, sticky or oily to touch, the binder of the infrared sensitive 
layer is incompatible or substantially incompatible with the low molecular weight migratory materials in the photopolymer 
layer and is suitable for use in the present invention. If the surface of the infrared sensitive layer is tacky to the touch, 
the binder of the infrared sensitive layer is compatible with one or more of the migratory materials and the binder would 

55 not be suitable for use in the present invention. Generally, the tackiness or lack of tackiness of the top surface of the 
infrared sensitive layer will be apparent relatively quickly, i.e., immediately after the infrared sensitive layer and the 
photopolymerizable layer are brought together, particularly when done so under heat and pressure conditions of lam- 
ination. However, it may be desirable to wait 1 2 to 1 6 hours after the infrared sensitive layer and the photopolymerizable 
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layer are assembled to determine the ultimate tackiness or lack of tackiness of the surface of the infrared sensitive layer. 
[0036] Since migratory materials such as monomers and plasticizers are generally compatible with each other in the 
photopolymerizable layer, the binder in the infrared sensitive layer would be incompatible or substantially incompatible 
with these migratory materials. However, the minimum acceptable condition is that the binder should be incompatible 
s with at least the migratory material which most influences the surface condition, i.e., tackiness, of the top surface of 
the infrared sensitive layer when on the photopolymerizable layer. This migratory material may be the one present in 
the photopolymerizable layer in the highest proportion (compared to other migratory materials) and/or may be the most 
likely to migrate to influence the surface conditions of the infrared-sensitive layer. Thus, the binder is incompatible or 
substantially incompatible with at least one of the migratory materials, preferably is incompatible or substantially in- 
fo compatible with more than one of the migratory materials, and most preferably is incompatible or substantially incom- 
patible with all migratory materials in the photopolymerizable layer. Of course, there may be other materials in the 
photopolymerizable layer which are migratory, such as dyes. However, to the extent that these materials do not influence 
the surface characteristics, i.e., tackiness, or the imaging characteristics, i.e., ablation of the infrared sensitive layer, 
they are not of particular concern. 
'5 [0037] The selection of a binder for the infrared sensitive layer as being incompatible or substantially incompatible 
with the migratory materials is relative to the components particular to the photopolymerizable layer. A binder which is 
incompatible or substantially incompatible with the migratory materials in a particular photopolymerizable layer, may 
or may not be incompatible with the migratory materials in a different photopolymerizable layer. For example, in aque- 
ous-based photopolymer systems, some components in the photopolymerizable layer may be more likely to migrate 
20 than in solvent-based photopolymer systems, and thus the selection of binder may be different. Also, in. photosensitive 
elements having more than one photopolymerizable layer, migratory materials of a photopolymerizable layer not ad- 
jacent to the infrared sensitive layer may migrate to the photopolymerizable layer adjacent to the infrared sensitive 
layer. Thus, binder selection may also be influenced by the migratory materials in a non-adjacent photopolymerizable 
layer. 

25 [0038] In addition, the binder for the infrared sensitive layer should satisfy several requirements. (1) The binder 
should be removed or substantially removed by the heat generated by the infrared-absorbing material when the layer 
is exposed to infrared laser radiation. (2) The binder should be removable from the surface of the photopolymerizable 
layer after exposure to actinic radiation. (3) The binder should be one in which the other materials in the infrared- 
sensitive layer can be uniformly dispersed. (4) The binder should be capable of forming a uniform coating on the 

30 photopolymerizable layer. 

[0039] The binder in the infrared sensitive layer which is adjacent to the photopolymerizable ( layer includes those 
materials which are conventionally used as a release layer (also referred to as a slip layer or protective layer) in flex- 
ographic printing elements. In particular, the binder is selected from polyamides; copolymers of ethylene and vinyl 
acetate; hydroxyalkyl cellulose; cellulose acetate butyrate; polybutyral; cyclic rubbers; nitroglycerine (being a self- 

35 oxidizable compound); polyacetals; polyimides; polycarbonates; polyesters; polyalkylenes, such as polyethylenes and 
polybutylenes; polyphenylene ethers; and polyethylene oxides; polylactones; and combinations thereof. 
[0040] Preferred binders for the infrared sensitive layer are polyamides, hydroxypropyl cellulose and hydroxyethyl 
cellulose, copolymers of ethylene and vinyl acetate, cellulose acetate butyrate, polybutyrals, cyclic rubbers, and com- 
binations thereof. More preferred binders are selected from polyamides and a mixture of polyamides and amphoteric 

40 ihterpolymers (amphoteric interpolymers being described in U.S. Patent 4,293,635). Binders are generally present in 
amounts from 40% to 90% by weight, based on the total weight of the infrared sensitive layer. 
[0041] It should be understood that not ail the binders described above are incompatible with all the migratory ma- 
terials described in the photopolymerizable layer. It is within the knowledge of one skilled in the art to select both the 
binder in the infrared sensitive layer and the migratory materials in the photopolymerizable layer such that the binder 

45 js substantially incompatible or incompatible with the migratory materials as well as to select a binder which is sub- 
stantially incompatible or incompatible with the migratory materials in a given photopolymerizable layer. 
[0042] Although it is preferred that the binder in the infrared-sensitive layer adjacent to the photopolymerizable layer 
is one or a mixture of binders which are substantially incompatible with the migratory materials in the photopolymeriz- 
able layer and are at least substantially tack-free, the infrared-sensitive layer can optionally contain one or more sec- 

50 ondary binders. The secondary binder may be compatible or somewhat compatible with the migratory materials of the 
photopolymerizable layer. However, the secondary binder when mixed with the binder does not adversely influence 
the incompatibility of the binder mixture with the migratory materials. The secondary binder can be used to provide 
other characteristics not provided by the binder, such as elasticity, scratch resistance, adhesion, and aid in the ablation 
of the infrared sensitive layer. The secondary binders would satisfy the same additional requirements of the binder 

55 described previously, as well as be compatible with the binder. 

[0043] Examples of the secondary binders suitable for use in the infrared radiation sensitive layer include substituted 
styrene polymers, such as polystyrene and polyalphamethylstyrene; polyacrylate and polymethacrylate esters, such 
as polymethylmethacrylate and poly butylmethacry late; poly(vinyl)ch bride; polyvinyl idene chloride; polyurethanes; 
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maleic acid resins; and copolymers of the above. Materials which aid in ablation are suitable for use as the secondary 
binder and include polymers which are thermally decomposable such as homo- and co- polymers of acrylates, meth- 
acrylates, and styrene; polycarbonates, polyisobutylene; polybutene; polyvinylacetate; and combinations thereof. Ad- 
hesion modifiers are suitable for use as the secondary binder and include copolymers of polyvinylpyrollidone and vinyl 
acetate, polyvinylpyrollidone, and copolymers of styrene and acrylic acid. The secondary binder can generally be 
present in amounts of 1 to 40 % by weight, based on the total weight of the binder in the infrared sensitive layer adjacent 
to the phopolymerizable layer. 

[0044] Any of the above binders and secondary binders and combinations thereof are suitable for use in an infrared 
sensitive layer which is not adjacent to the photopolymerizable layer, i.e., one or more infrared sensitive layers on top 
of the infrared sensitive layer adjacent to the photopolymerizable' layer. 

[0045] The thickness of the infrared-sensitive layer should be in a range to optimize both sensitivity and opacity. The 
layer should be thin enough to provide good sensitivity, i.e., the infrared-sensitive layer should be removed rapidly 
upon exposure to infrared laser radiation. At the same time, the layer should be opaque enough so that the areas of 
the layer which remain on the photopolymerizable layer after imagewise exposure effectively mask the photopolymer- 
izable layer from actinic radiation. In general, this layer will have a thickness from 2.0 nm (20 Angstroms) to 50 mi- 
crometers. It is preferred that the thickness be from 4.0 nm (40 Angstroms) to 40 micrometers. 
[0046] The infrared sensitive composition for the infrared sensitive layer can be prepared by conventional methods 
of combining the infrared-absorbing agent and/or the radiation-opaque material with the binder. A preferred method 
for preparing the infrared sensitive composition is to precompound the infrared-absorbing agent and/or the radiation- 
opaque material with a portion of the total amount of binder, and then add the remainder of the binder, i.e., additional 
binder, to the precompounded mixture. Adding of the precompounded mixture to the remaining portion of the binder 
encompasses diluting, mixing, and/or blending. At any point in the precompounding, a solvent such as 80/20 n-butanol/ 
toluene can be used for dispersing the materials used in the diluting, mixing, and/or blending steps. The radiation- 
opaque material, if needed, can also be added to the mix of the precompounded mixture and additional binder. This 
method is particularly effective when carbon black or graphite is the infrared absorbing agent (radiation-opaque ma- 
terial). It is preferred that the infrared absorbing material is precompounded with the binder at 30 to 70 parts per hundred 
(by weight) of the infrared absorbing material. The weight ratio of precompounded mixture to the additional binder is 
preferably^ :5 to 5:1. This is done to ensure that the pigmented radiation absorbing material is well dispersed in the 
binder and that a uniform coating layer is acheived. 

[0047] The photosensitive element of the invention can also include a temporary coversheet on top of the infrared- 
sensitive layer. The purpose of the coversheet is to protect the infrared-sensitive layer during storage and handling. 
The temporary coversheet can also serve as a temporary support for the application of the infrared sensitive layer. It 
is important that the coversheet be removed prior to exposing the infrared-sensitive layer to infrared laser radiation. 
Examples of suitable materials for the coversheet include thin films of polyester, polystyrene, polyethylene, polypro- 
pylene, polycarbonate, fluoropofymers, and polyamide The cover sheet may be subbed with release layer/s. 
[0048] The photosensitive element of the invention is generally prepared by first preparing the photopolymerizable 
layer on the.support and then applying the infrared-sensitive layer by coating or lamination techniques. 
[0049] The photopolymerizable layer itself can be prepared in many ways by admixing the binder, monomer, initiator, 
and other ingredients. It is preferred that the photopolymerizable mixture be formed into a hot melt and then calendered 
to the desired thickness. An extruder can be used to perform the functions of melting, mixing, deaerating and filtering 
the composition. The extruded mixture is then calendered between the support and a temporary coversheet or between 
the support and a temporary coversheet which has been previously coated with the infrared sensitive layer. In the latter 
case it is arranged so that the infrared sensitive layer is next to the photopolymerizable layer during the calendering 
process. The adhesion between the infrared sensitive layer and the temporary coversheet should be low, so that the 
infrared sensitive layer will remain intact on the photopolymerizable layer when the temporary coversheet is removed. 
Alternatively, the photopolymerizable material can be placed between the support and the temporary coversheet or 
the infrared sensitive layer coated temporary coversheet in a mold. The layers of material are then pressed flat by the 
application of heat and/or pressure. 

[0050] The infrared-sensitive layer is generally prepared by coating the infrared-sensitive material onto a temporary 
coversheet. The infrared-sensitive layer can also be coated directly onto the photopolymerizable layer. The infrared- 
sensitive layer can be applied using any known coating technique including spray coating. 

[0051] The final element can also be prepared by removing the coversheet from the photopolymerizable layer of a 
photopolymerizable printing element and placing it together with the second element (temporary coversheet/infrared- 
sensitive layer) such that the infrared sensitive layer is adjacent to the photopolymerizable layer. This composite ele- 
ment is then pressed together with moderate pressure. The second temporary coversheet can remain in place for 
storage, but must be removed prior to infrared laser imaging. 

[0052] The process of the invention involves (1 ) providing a photosensitive printing element as described above; (2) 
removing a coversheet (when present) from the photosensitive element, (3) imagewise ablating layer (c) of the element 
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to form a mask; (4) overall exposing the photosensitive element to actinic radiation through the mask; and (5) treating 
the product of step (4) with at least one developer solution to remove at least (i) the infrared-sensitive layer which was 
not removed during step (3), and (II) the areas of the photopolymerizable layer (b) which were not exposed to non- 
infrared actinic radiation. 

s [0053] The first step in the process of the invention is to provide a photosensitive printing element described above. 
Suitable methods for preparing this element have been discussed in detail above. Next, when the coversheet is present, 
it is removed from the photosensitive printing element prior to the imagewise ablation step. 

[0054] The next step in the process of the invention is to imagewise ablate layer (c) to form a mask. The exposure 
can be carried out using various types of infrared lasers, which emit in the range 750 to 20,000 nm and preferably in 
10 the range 780 to 2,000 nm. Diode lasers emitting in the region of 750 to 880 nm offer substantial advantages in terms 
of their small size, low cost, stability, reliability, ruggedness and ease of modulation. Diode lasers emitting in the range 
of 780 to 850 nm may be used to advantage. Such lasers are commercially available from, for example, Spectra Diode 
Laboratories (San Jose, CA). Nd:YAG (Neodymium: Yttrium-Aluminum-Garnet) lasers emitting at 1060 nm are pre- 
ferred. 

15 [0055] In the infrared imagewise ablating step, material in the infrared-sensitive layer is removed, i.e., ablated, in 
the areas exposed to the infrared laser radiation. The areas exposed to laser radiation in the infrared-sensitive layer 
correspond to those areas in the photopolymerizable layer which will be polymerized to form the final printing plate. It 
is preferred that the laser beam exposure impinges the side of the photosensitive element bearing the infrared-sensitive 
layer. After laser ablation, a pattern of actinic radiation -opaque material remains on the photopolymerizable layer. The 

20 areas in which the infrared-sensitive layer remains correspond to the areas of the photopolymerizable layer which will 
be washed out in the formation of the final printing plate. Although it is desired to remove all the infrared sensitive layer 
in the ablated areas, traces of some materials in the infrared sensitive layer, particularly the binder, may remain, i.e., 
be substantially removed but not completely removed, in the areas exposed to the infrared laser radiation. The ablated 
areas of the infrared sensitive layer may continue to be tack-free or substantially tack-free thus indicating that some 

25 binder remains on the element after ablation. However, to the extent that the remaining materials do not delete riously 
affect subsequent overall exposure and processing, this Is not a particular concern. 

[0056] The next step in the process of the invention is to overall expose the photosensitive element to actinic radiation 
through the mask. The type of radiation used is dependent on the type of photoinitiator in the photopolymerizable layer. 
The radiation-opaque material in the infrared sensitive layer which remains on top of the photopolymerizable layer 

30 prevents the material beneath from being exposed to the actinic radiation and hence those areas covered by the 
radiation-opaque material do not polymerize. The areas not covered by the radiationopaque material are exposed to 
actinic radiation and polymerize. Any conventional sources of actinic radiation can be used for this exposure step. 
Examples of suitable visible or UV sources include carbon arcs, mercury-vapor arcs, fluorescent lamps, electron flash 
units, electron beam units and photographic flood lamps. The most suitable sources of UV radiation are the mercury- 

35 vapor lamps, particularly the sun lamps. A standard radiation source is the Syivania 350 Blacklight fluorescent lamp 
(FR 48T1 2/350 VI7VHO/180, 115 w) which has a central wavelength of emission around 354 nm. 
[0057] It is contemplated that the imagewise exposure to infrared radiation and the overall exposure to actinic radi- 
ation can be carried out in the same equipment. It is preferred that this be done using a drum i.e., the photosensitive 
element is mounted on a drum which is rotated to allow for exposure of different areas of the element first to infrared 

40 laser radiation and then to non-infrared actinic radiation. 

[0058] The actinic radiation exposure time can vary from a few seconds to minutes, depending upon the intensity 
and spectral energy distribution of the radiation, its distance from the photosensitive element, and the nature and 
amount of the photopolymerizable composition. Typically a mercury vapor arc or a sunlamp is used at a distance of 
3.8 to 153 cm (1.5 to 60 inches) from the photosensitive element. Exposure temperatures are preferably ambient or 

45 slightly higher, i.e., 20 °C to 35°C. 

[0059] Conventionally, imagewise exposure of the photosensitive element to actinic radiation is conducted in a vac- 
uum eliminating the presence of atomospheric oxygen. The exposure is conducted in a vacuum to assure intimate 
contact between the phototool (e.g., negative) and the surface of the photopolymerizable layer and to prevent oxygen 
from detrimentally affecting the polymerization reactions occuring in the photopolymer layer. (Polymerization reactions 

50 require long exposure times and high intensity radiation sources, and the results are less reproducible when oxygen 
is present.) In the process of the present invention, the overall exposure step can be conducted in a vacuum or can 
be conducted outside of a vacuum, i.e., while the photosensitive element is in the presence of atmospheric oxygen. It 
is surprising that the overall exposure step can be conducted outside of a vacuum particularly since the photosensitive 
element does not have a barrier layer to prevent oxygen affects on polymerization. Overall exposure without a vacuum 

55 for the photosensitive element of this invention provides an improvement in product performance in which the side 
walls of the relief structure of the plate are straighter over a wide range of exposure times, i.e., provide wide exposure 
latitude. Customers generally favor wide exposure latitude in their processes. Another advantage to conducting the 
overall exposure step in the absence of a vacuum is that the process becomes simpler and faster since time is not 
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required to draw a vacuum before exposure. 

[0060] The process of the invention usually includes a back exposure or backflash step. This is a blanket exposure 
to actinic radiation through the support. It is used to create a shallow layer of polymerized material, or a floor, on the 
support side of the photopolymerizable layer and to sensitize the photopolymerizable layer. The floor provides improved 
adhesion between the photopolymerizable layer and the support, helps highlight dot resolution and also establishes 
the depth of the plate relief. The backflash exposure can take place before, after or during the other imaging steps. It 
is preferred that it take place just prior to the imagewise exposure to infrared laser radiation on the infrared-sensitive 
layer side of the element, particularly when the overall exposure is carried out on a drum. 

[0061] Any of the conventional radiation sources discussed above can be used for the backflash exposure step. 
Exposure time generally ranges from a few seconds up to about a minute, 

[0062] Following overall exposure to U V radiation through the mask formed by the actinic radiationopaque material, 
the image is treated by washing with a suitable developer. The treating step removes at least the photopolymerizable 
layer in the areas which were not exposed to non-infrared actinic radiation and the infrared-sensitive layer which was 
not removed during the ablation step. The treating step may also remove any residual materials of the infrared sensitive 
layer which were not removed during ablation. The developer removes the non-photopolymerized areas of the pho- 
topolymer layer and possibly the infrared-sensitive layer which was not removed during the ablation step. Development 
is usually carried out at about room temperature. The developers can be organic solutions, water, aqueous or semi- 
aqueous solutions. When water is udsed as the developer, the water can contain a surfactant. The choice of the de- 
veloper will depend on the chemical nature of the photopolymerizable material to be removed. Suitable organic solution 
developers include aromatic or aliphatic hydrocarbons and aliphatic or aromatic halohydrocarbon solutions, or mixtures 
of such solutions with suitable alcohols. Other organic solution developers have been disclosed in DE-A 38 28 551 
and in U.S. Patent 5,354,645. Suitable semi-aqueous developers usually contain water and a water miscible organic 
solution and an alkaline material. Suitable aqueous developers usually contain water and an alkaline material. Other 
suitable aqueous developer combinations are described in U.S. Patent No. 3,796,602. 

[0063] Development time can vary, but it is preferably in the range of 2 to 25 minutes. Developer can be applied in 
any convenient manner, including immersion, spraying and brush or roller application. Brushing aids can be used to 
remove the unpolymerized portions of the composition. However, washout is frequently carried out in an automatic 
processing unit which uses developer and mechanical brushing action to remove the unexposed portions of the plate, 
leaving a relief constituting the exposed image and the floor. 

[0064] A pre-development step may be necessary if the infrared-sensitive layer is not removable by the developer 
solution. An additional developer, which does not affect the polymerized photosensitive material can be applied to 
remove the infrared-sensitive layer first. This is particularly true when metallic materials are used. In such cases, etching 
solutions are used, such as 2% aqueous KOH solution. 

[0065] The pretreating step may not be necessary in the situation in which the photosensitive element includes a 
infrared sensitive layer having a binder which is not substantially soluble, swellable, dispersible, or liftable in the de- 
veloper solution for the photopolymer layer. The process of this invention may be simplified by removing the infrared 
sensitive layer at the same time as the removal of the unexposed portions of the photopolymer layer by use of the 
mechanical brushing action used in automatic processing units. The infrared sensitive layer is generally much thinner 
than the photopolymer layer such that with the aid of brushing or brushing with pressure, the infrared layer can be 
easily removed from the photopolymer layer. 

[0066] Following solution development, the relief printing plates are generally blotted or wiped dry, and then dried in 
a forced air or infrared oven. Drying times and temperatures may vary, however, typically the f plate is dried for 60 to 
120 minutes at 60°C. High temperatures are not recommended because the support can shrink and this can cause 
registration problems. 

[0067] Most flexographic printing plates are uniformly post-exposed to ensure that the photopolymerization process 
is complete and that the plate will remain stable during printing and storage. This post-exposure step utilizes the same 
radiation source as the main exposure. 

[0068] Detackification (which can also be referred to as light finishing) is an optional post-development treatment 
which can be applied if the surface is still tacky, such tackiness not generally being removed in post-exposure. Tackiness 
can be eliminated by methods well known in the art, such as treatment with bromine or chlorine solutions. Such treat- 
ments have been disclosed in, for example, Gruetzmacher, U.S. Patent 4,400,459; Fickes et al., U.S. Patent 4,400,460 
and German Patent 28 23 300. Detackification can also be accomplished by exposure to radiation sources having a 
wavelength not longer than 300 nm, as disclosed in EP-A- 0 017927 and Gibson, U.S. Patent 4,806,506. 
[0069] These elements can be used to particular advantage in the formation of seamless, continuous printing ele- 
ments. The photopolymerizable flat sheet elements can be reprocessed by wrapping the element around a cylindrical 
form, usually a printing sleeve or the printing cylinder itself, and fusing the edges together to form a seamless, contin- 
uous element. In a preferred method, the photopolymerizable layer is wrapped around the cylindrical form and the 
edges joined. One process for joining the edges has been disclosed in German patent DE 28 44 426. The photopoly- 
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merizable layer can then be coated with at least one infrared-sensitive layer, e.g., by spray coating. 
[0070] Continuous printing elements have applications in the flexographic printing of continuous designs such as in 
walipaper, decoration and gift wrapping paper. Furthermore, such continuous printing elements are well-suited for 
mounting on conventional laser, equipment. The sleeve or cylinder on which the printing element is wrapped when the 
5 edges are fused, can be mounted directly into the laser apparatus where it functions as the rotating drum during the 
laser exposure step. 

[0071] In addition, it has been found that the process of the invention can be performed while the plate is mounted 
in the round, i.e., wrapped around a cylindrical form. Thus, imagewise ablation, overall exposure, development and 
any additional steps can be performed while the plate is mounted in the round. Other advantages which can be obtained 
10 using the instant process include increased process speed, better registration and reduced or, in some cases, no extra 
mounting time. 

[0072] Unless otherwise indicated, the term "flexographic printing plate or element" encompasses plates or elements 
in any form suitable for flexographic printing, including, but not limited to, flat sheets and seamless continuous forms. 
All publications/references mentioned herein are hereby incorporated by reference unless otherwise indicated. 

75 

EXAMPLES 

[0073] In the following examples, Cyrel® flexographic printing plates, Cyrel® 3040 light source, Cyrel® light finishing 
unit, Cyrel® rotary processor, and Optisol® rotary solvent, and Mylar® polyester film are products sold by E.I. du Pont 
20 de Nemours and Company, Wilmington, DE. 

[0074] The following examples illustrate the preparation of a photosensitive element having a layer which is sensitive 
to infrared radiation and the process of making the prepared element into a relief printing plate. 

©Example 1 

25 

[0075] A binder of 50 parts of a polyamide, Macromelt® 6900 (from Henkel Corp., Minneapolis, Minn.) was precom- 
pounded with 50 parts of carbon black as the infrared sensitive material (and radiation -opaque material) in a Moriyama 
mixer. An infrared sensitive composition was prepared by mixing 10 parts of the precompounded carbon black-polya- 
mide with 5 parts of the polyamide in a solvent blend of 80/20 n-butanol/toluene. 
30 [0076] The infrared sensitive composition was coated on 5 mil Mylar® polyester film using a postmetering coating 
method and dried. The infrared sensitive layer on the film, now referred to as the infrared sensitive element, had a 
dried coating weight of 24 mg/dm 2 and a density of 2.6 as read by a MacBeth RD 904 densitometer with a visual filter. 
The infrared sensitive layer was tack-free. 

[0077] A photopolymerizable layer was provided by removing an existing coversheet and release layer from the 
35 photopolymer layer of a Cyrel® flexographic printing element, type 67HLS. The photopolymerizable layer was the top 
layer on a support. The infrared sensitive element was laminated at 115.6°C to the printing element such that the 
infrared sensitive layer was adjacent to the photopolymer layer. The Mylar® polyester film was removed from the 
photosensitive printing element, prior to laser ablation. The top surface of the photosensitive printing element was tack- 
free. 

40 [0078] The infrared sensitive layer of the element was imagewise ablated using an experimental laser engraving 
apparatus equipped with a Nd:YAG laser. The element was mounted on the exterior of a rotating drum using double- 
sided tape. The laser beam was directed parallel to the axis of the drum, and was directed toward the sample surface 
with a folding mirror. The folding mirror was stationary and the drum moved parallel to its axis. The laser beam was 
then focused to impinge on the sample mounted on the drum. As the drum rotated and translated relative to the laser 

45 beam, the sample was exposed in a spiral fashion. The laser beam was modulated with image data, i.e., dots, lines, 
and text characters. 

[0079] The photosensitive printing element was placed on a drum of the laser writer apparatus, so that the laser 
beam directly impinged the infrared sensitive layer of the printing element, i.e., the support side of the printing element 
contacted the drum. The infrared sensitive layer of the photosensitive element was imagewise ablated using a fluence 

so of 3.1 joules/cm 2 . This resulted in a radiation -opaque patterned mask on the surface of the photosensitive element 
with a tonal range of 2-95% (47 lines per cm (120 lines per in)screen).The ablated surface was tack-free. The resulting 
element was removed from the drum and then given a back flash exposure of 1 4 seconds on a Cyrel® 3040 light 
source, and then given a top exposure of 9 minutes through the radiation-opaque patterned mask without a vacuum. 
The exposed element was developed in a Cyrel® rotary processor for 6 minutes using 3:1 mixture (vol/vol) of perclene 

ss and butanol. The areas of the infrared sensitive layer which remained after imagewise ablation and the unexposed 
areas of the photopolymer layer were removed, to form a relief printing plate. The printing plate was oven dried for one 
hour at 60 °C and then simultaneously post exposed and finished in a Cyrel® light finishing unit for 5 minutes. 
[0080] Printing was carried out with the printing plate on a Mark Andy Press System 830 (Chesterfield, MO) using 



11 



EP 0 741 330 B1 



Film III Dense Black EC 8630 ink (Environmental Inks & Coatings, Morganton, NC) diluted to a viscosity of 27 seconds 
as measured using a Zahn #2 cup. Good printed images were obtained. 

Example 2 and Comparative Example 

5 

[0081] A photosensitive element with the infrared sensitive layer was prepared as described in Example 1 except 
that a Cyrel® 112HOS flexographic printing element (having release layer removed) was substituted for the Cyrel® 
printing element type 67HLS. A control was made using the same procedure except that the infrared sensitive element 
was overcoated with Macromelt® 6900 polyamide to form a barrier layer between the infrared sensitive layer and the 

10 photopolymerizable layer. The barrier layer had a coating weight of 53 mg/dm 2 . 

[0082] After discarding the coversheet, both plates were placed on the laser engine drum held by the double-sided 
tape as described in Example 1 for imagewise ablation at 3.6 Joules/cm 2 . The element with the barrier layer gave 
slightly higher stain level. After removal of the elements from the drum, the control element with the barrier layer had 
a wrinkled surface. Each element was given 75 seconds of backflash exposure, 12 minutes of overall UV exposure, 9 

is minutes of development in Perclene/butanol developer, dried for one hour in 60 °C oven, postexposure and light fin- 
ishing simultaneously for 10 minutes. Both printing plate elements were printed on Mark Andy press. Unexpectedly, 
printable stretch mark and lower solid density in the solid area were observed for the control plate with the barrier layer 
only. Printable stretch marks and low solid density in the solid areas are not desired. Apparently, the barrier layer was 
responsible for these defects. The stretch marks are believed to be a result of stretching of the plate on the drum during 

20 ■ laser ablation step and then processing (exposure, development) in the flat form. 

Example 3 

[0083] A photosensitive element with the infrared sensitive layer was prepared as described in Example 1 except 
25 that the infrared sensitive layer contained 10 parts of the precompounded carbon black-polyamide with 10 parts of the 
polyamide in a solvent blend of 80/20 n-butanol/toluene. The infrared sensitive element (the infrared sensitive layer 
on polyester film), had a density of 2.6 with a coating weight of 36 mg/dm 2 . The infrared sensitive layer was tack-free 
when touched. The infrared sensitive element was laminated to the photopolymer layer of a Cyrel® 67HLS printing 
element. After removal of the coversheet, the infrared sensitive layer remained on the photopolymerizable layer and 
30 the surface of the photosensitive printing element was tack-free. The photosensitive element was laser ablated at 3.7 
J/cm 2 fluence and the ablated areas were tack-free. The photosensitive element was processed, dried, finished, and 
printed as described in Example 1. Good printed images were obtained. 

Example 4 

35 

[0084] A photosensitive element with the infrared sensitive layer was prepared as described in Example 1 except 
that the infrared sensitive layer contained 50 parts of the polyamide precompounded with 50 parts of carbon black. 
The infrared sensitive element (the infrared sensitive layer on polyester film), had a density of 2.76 with a coating 
weight of 14 mg/dm 2 . The infrared sensitive layer was tack-free. The surface of the photosensitive element remained 
40 tack-free after the infrared sensitive layer was applied to the photopolymerizable layer. After removing the coversheet, 
the photosensitive element was laser ablated at 1 .6 Joules/cm 2 fluence and the ablated surface areas were tacky. This 
plate was processed as in Example 1 to give good printed image. 

Example 5 

45 

[0085] The procedure of Example 1 was repeated substituting Cyrel® 67HOS flexographic printing element for the 
Cyrel® printing element type 67HLS. The infrared sensitive layer was tack-free and remained tack-free when applied 
to the photopolymerizable layer. After removing the coversheet, the photosensitive element with the infrared sensitive 
layer was exposed, developed, dried, finished and printed as described in Example 1. The printing plate provided a 
50 good print image similar to results in Example 1 . 

Example 6 

[0086] This example illustrates the process of this invention using a photosensitive element having an organic soluble 
55 binder in an infrared sensitive layer on an aqueous processable photopolymerizable layer. 
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OUIJJ. ^IVIII IMCdfJUf lo, IVIIN^ 


MAA 




NaDDBS 


Snriium Hnrippvl hpn7PnA cnlfnnatp 


NLA 


n-l Aiirvl Arrvlato 
ii i— cxuiyi aoiyiaic? 


Piccotex® 


Substituted polystyrene from Hercules, Inc. (Wilmington, DE) 


n\/n \/a 

rvr'-VA 


Polyvinyl pyrrol idone/vinyl acetate) 


ROdO NO. 0 


Blend of oils used as odor masking agent, from R. T. Vanderbilt (Norwalk, CT) 


TBP 


Tributoxyethyl phosphate 


Tinuvin® 1130 


Mixture of polyethylene glycol mono(2-2 (2H-benzotriazol-2-yl)-6-t-butyl-4-(3-methoxy- 
3-oxypropyl) phenyl)ether and polyethylene glycol bis(2-2(2H-benzotriazol-2-yl)-6-t-butyl-4- ] 
(3-methoxy-3-oxypropyl) phenyl) ether, from Ciba-Geigy. 


TKPP 


Tetrapotassium pyrophosphate, from Monsanto Company (St. Louis, MO) 


Vazo® 67 


2,2"-Azo-bis(2-methylbutyronitrile), from E. 1. du Pont de Nemours and Company, (Wilmington, 
DE) 
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(continued) 



GLOSSARY 



Zapon® 335 Red dye, CAS No. 73297-15-1 . 
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[0087] A water developable photopolymer plate was prepared with a microgel binder prepared as follows: 

I. Preparation of microgel binder 

A. Preparation of Water Phase Solution 

[0088] The water phase solution was composed of the following components: 



Component 


Amount (grams) 


Lomar PW 
NaDDBS 
Deionized water 


56 
239 
13093 



[0089] NaDDBS and Lomar PW were charged to the water under a nitrogen blanket. The components were mixed 
until they were dissolved. 

B. Preparation of Oil Phase 

[0090] The oil phase solution was composed of the following components: 



Component 


Amount (grams) 


Styrene 


1332 


DDM 


56 


Vazo®67 


35 


Isopar V 


2244 


DAM 


140 



[0091] The DDM and DAM were dissolved in styrene under a nitrogen blanket. The Vazo® 67 was then added and 
allowed to dissolve. The Isopar V was slowly added to the styrene solution while under a nitrogen blanket. 

C. Preparation of Oil Emulsion 

[0092] The oil phase was added to the water phase, under a nitrogen blanket, keeping the solution mixed. This was 
then homogenized using a Microfluidizer® M21 0 (Microfluidics Corp., Newton MA) at 3000-6000 psig until the particle 
size measured 100-250 nm (Gaussion distribution NICOMP Submicron Particle Size Analyzer, Model 270, Pacific 
Scientific). 

D. Butadiene Polymerization 

[0093] The following composition was used for the polymerization: 



Component 


Amount 


Deionized water 

Oil emulsion 

FeS0 4 

TKPP 

BD 


35.83 kg (79.00 pounds) 
23.59 kg (52.00 pounds) 

0.02 grams 

33.00 grams 
19.59 kg (43.18 pounds) 



[0094] The FeS0 4 and TKPP were dissolved in the deionized water under a nitrogen atmosphere. The oil emulsion 
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was added and this was placed in an autoclave. The BD was added and allowed to swell the oil emulsion droplets for 
one hour while stirring. The temperature was then raised to 60-65° C to initiate the polymerization reaction. Polymeri- 
zation was allowed to proceed until approximately 85% of the BD had polymerized. 

[0095] The following ingredients were premixed and pumped in at approximately 85% conversion of the BD. 

5 



10 



Component 


Amount 


MAA 
t-DDM 
NaDDBS 
Deionized Water 


1.03 kg (2.27 pounds) 
0.29 kg (0.65 pounds) 
0.14 kg (0.31 pounds) 
10.19kg (22.47 pounds) 



[0096] The reaction proceeded to completion with approximately 90-95% total conversion. The resulting polymer 
mooney viscosity was 65. The final particle size was 144nm (Gaussion distribution NICOMP Submicron Particle Size 
1 s Analyzer, Model 270 Pacific Scientific). 

[0097] The above emulsion was freeze dried to remove the water. The result was a solid microgel binder having a 
core of poly(butadiene/styrene) and a shell of poly(butadiene/methacrylic acid). The percent MAA was 3.9%. 

II. Preparation of photosensitive element containing a aqueous developable photopolymer layer. 

20 

[0098] A photosensitive composition was prepared from the following components: 



25 



30 



35 



Component 


Parts by Weight 


Microgel binder (prepared in A) 


65.1 


HMDA 


4.0 


NLA 


4.9 


Base 1 


9.8 


TBP 


4.9 


Initiator 


3.0 


BHT 


2.0 


Inhibitor 


0.1 


Piccotex® 


5.0 


PVP-VA 


1.0 


Zapon® 335 


0.01 


Tinuvin®1130 


0.1 


Rodo® No. 0 


0.1 



40 [0099] A coversheet was prepared by coating a 0.1 3 mm (5 mil) sheet of polyethylene terephthalate with a layer of 
a blend of HPC and H EC at a coating weight of 20 mg/dm 2 . 

[0100] A support was 0.18 mm (7 mil) polyethylene terephthalate which was flame-treated. 
[0101] The components of the photosensitive composition were fed into a 30 mm twin screw extruder which per- 
formed the functions of melting, mixing, deaerating and filtering the composition. The material was extruded at 135°C 
45 through a die into the rotating bank of a two-roll calender, and then calendered between the support film and the cover 
sheet. 

III. Preparation of photopolymer element from step II with an infrared sensitive layer. 

so [0102] The infrared sensitive element was prepared as described in Example 1 . The infrared sensitive element was 
laminated to the freshly extruded aqueous developable photopolymer element prepared above by temporarily attaching 
the infrared sensitive element to the coversheet, i.e., piggy-back mode, such that the infrared sensitive layer was 
adjacent to the aqueous photopolymer layer. After calendering, the portion of the photosensitive element having the 
infrared sensitive layer was cut out of the calendered element. Since there was no adhesive layer or adhesiveness 

55 between the coversheet and the Mylar® polyester support of the infrared sensitive element, the original coversheet 
was easily removed from the polyester film of the infrared sensitive element. 

[0103] The resulting photosensitive element had a total thickness of 1 .57 mm (0.062 in) . The photosensitive element 
also had the desired adhesion balance in that the organo soluble infrared sensitive layer adhered to the aqueous 
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photopolymer surface and the lowest adhesion of the layers for the element structure was the Mylar® polyester to the 
infrared sensitive layer. As desired, the surface of the resulting photosensitive element was tack-free. 

IV. Process for making a flexographic printing plate 

s 

[0104] The photosensitive element formed in step III was given a back flash exposure of 30 seconds on Cyrel® 3040 
exposure unit. The Mylar® polyester was removed from the infrared sensitive layer of the photosensitive element and 
the infrared sensitive layer was imagewise ablated as described in Example 1 using the Nd:YAG laser with 2.75 joules/ 
cm 2 fluence. The unablated and ablated areas were tack-free. A tonal range of 2-95% was resolved using 47 line per 

io cm (120 line per inch) screen. 

[0105] After imagewise laser ablating the infrared sensitive layer, the photosensitive element was given a top expo- 
sure, i.e., through the radiation-opaque patterned mask, for 3 minutes without the vacuum. The element was developed 
in a rotary processor using brushes and with tap water at room temperature for 10 minutes. The infrared-sensitive layer 
was removed with the unpolymerized aqueous photopolymer as desired. It was rinsed with fresh water and then dried 

is in a 60 °C oven for 15 minutes. Good images were obtained. 

Example 7 

[0106] An aqueous developable photopolymer layer was obtained from an aqueous developable flexographic plate, 
20 identified as aqueous plate for flexography from Nippon Zzeon Co. (1 .7 mm (0.067 in)thickness) having a cover sheet 
and a release layer. The plate was modified by discarding the coversheet and removing the tack-free release layer by 
wiping the plate surface with a wet towel (soaked with water). The plate surface of the photopolymer layer became 
tacky after allowing to dry in the room. The modified plate was then hot laminated with the infrared sensitive element 
as described in the Example 1 such that the solvent soluble infrared sensitive layer was adjacent to the aqueous 
25 photopolymer layer. The resulting photosensitive element had good black density and good adhesion balance such 
that the Mylar® polyester coversheet was removed cleanly from the infrared-sensitive layer of the photosensitive ele- 
ment. The surface of the element was tack-free. The photosensitive element was imagewise ablated with Nd:YAG 
laser at the fluence of 2.5 joule/cm 2 as described in Example 1. The ablated areas were tack-free. The element was 
back flashed 20 seconds, and was given a main UV overall exposure through the laser ablated, radiation opaque mask 
30 for 3 minutes (without vacuum) . The element was developed in hot water (66 °C (150 °F)) with 1 % surfactant in a 
processor with brushes for 10 minutes and dried for 15 minutes in a 60 °C oven. Good images were obtained. 

Example S (Comparative Example) 

35 [0107] This example illustrates the preparation of a photosensitive element having an infrared sensitive layer which 
contains a mixture of binders of polyvinyl alcohol and styrene-acrylic acid. 

[0108] An infrared-sensitive composition was prepared from the following ingredients to form a solution: 



Flexiverse® radiation black aqueous dispersion containing 45% solid (30% black pigment and 15% 10 g 

copolymer binder of styrene and acrylic acid)sold by Sun Chemical Co.(Amelia, OH) \ 

Distilled water 20 gr 

10% Elvanol 50-42 a polyvinyl alcohol in aqueous solution (sold by DuPont, Wilm. DE) 30 gr 

10% Triton X-100 surfactant 1 gr 



The solution was coated onto a 0.1 3 mm (5 mil) Mylar® AR support with a 0.05 mm (2 mil) knife and room dried. The 
so infrared sensitive layer on the film.now referred to as the infrared sensitive element, had a dried coating weight of 27.8 
mg/dm 2 and an optical density of 4.0. The coating quality was good. 

[0109] A photopolymerizable layer was provided by removing an existing coversheet and release layer from the 
photopolymer layer of a Cyrel® flexographic printing element, type 30 CP. The photopolymerizable layer was tacky as 
the top layer on a support. The infrared sensitive element was laminated to the tacky photopolymerizable surface such 
55 that the infrared sensitive layer was in direct contact with the photopolymer layer. The Mylar® support of the infrared 
sensitive element (now a coversheet) was removed from the photosensitive element. The infrared sensitive layer ad- 
hered to the photopolymer layer and the surface of the infrared sensitive layer remained tack-free as desired. 
[0110] The resulting photosensitive element can then be imagewise laser ablated to create a mask in-situ on the 
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photopolymerizable layer, back flashed and overall UV exposed, developed in solvent (wherethe processor has brushes 
under pressure), dried and post treated as described in Example 1 and is expected to give printing images. 

Example 9 

[0111] An infrared-sensitive composition was prepared from the following ingredients to form a solution: 



Flexiverse® black aqueous dispersion 


10g 


Distilled water 


30 g 


Hydroxyl ethyl cellulose 


1.435 g 


Hydroxy propyl cellulose 


1.435 g 


10 % Zonyl FSN surfactant 


0.26 g 



The solution was coated onto a 0.13 mm (5 mil) Mylar® AR support with a 0.05 mm (2 mil) knife and room dried. Tile 
infrared sensitive layer on the film.now referred to as the infrared sensitive element, had a dried coating weiqht of 53.2 
mg/cm 2 and an optical density of 3.91 . 

[0112] A photopolymerizable layer was provided by removing an existing coversheet and release layer from the 
photopolymer layer of a Cyrel® flexographic printing element, type 30 CP. The photopolymerizable layer was tacky as 
the top layer on a support. The infrared sensitive element was laminated to the tacky photopolymerizable surface such 
that the infrared sensitive layer was in direct contact with the photopolymer layer. The Mylar® support of the infrared 
sensitive element (now a coversheet) was removed from the photosensitive element. The infrared sensitive layer had 
correct adhesion balance, that it is adhered to the photopolymer layer, and the surface of the infrared sensitive layer 
remained tack-free as desired. 

Example 10 

[01 1 3] An infrared sensitive composition was prepared from 1 0 parts of the precompounded carbon black polyamide 
(50 parts carbon black and 50 parts polyamide) mixture of Example 1 and 20 parts of polyamide in a solvent blend of 
80/20 n-butanol/butanol. The infrared sensitive composition was coated on 0.12 mm (5 mil) Mylar® polyester film. The 
dried coating of the infrared sensitive layer had a density of 2.45 with a coating weight of 47 mg/dm 2 . The infrared 
sensitive layer on the polyester was laminated as described in Example 1 to a Cyrel® flexographic printing element, 
type 67 HOS, which had the coversheet and release layer removed. After removal of the Mylar® polyester film, the 
photosensitive element was laser ablated imagewise at 5.2 Joules/cm 2 Both the surface of the ablated and the surface 
of the unablated areas were tack-free. The photosensitive element was exposed and processed as described in Ex- 
ample 1, resulting in a plate with good image quality. 

Example 11 

[0114] An infrared sensitive composition is prepared from, 10 parts of precompounded carbon black polyamide mix- 
ture (50 parts carbon black and 50 parts polyamide) of Example 1 , 6 parts of polyamide and 4 parts of an amphomer. 
A suggested amphomer is formed (by weight) from 40% N-tert.-octylacrylamide, 34% methylmethacrylate, 1 6%acrylic 
acid, 6% hydroxypropyl methacrylate, and 4% t-butyl amino ethyl methacrylate. As described in Example 1 , the infrared 
sensitive composition is coated and is laminated to a Cyrel® flexographic printing element, type 67 HO, with the cov- 
ersheet and release layer removed. The resulting photosenstive element is expected to ablate, expose and process 
to provide good results as the Example 1 . 

Example 12 

[0115] An infrared-sensitive layer on a flexographic photosensitive printing element was prepared as follows: 
[0116] An infrared sensitive composition was prepared using a mixture of binders. Dispercel® CBJ is a solid disper- 
sion from Runnemede Dispersions KV (UK) containing 45% carbon black, 35% nitrocellulose, and the remainder plas- 
ticizer and dispersant. This was dispersed in methanol at 12% solids to form a "Dispercel® Stock Solution". 
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[011 7] The other binder component was introduced by precompounding 67% Macromelt® polyamide with 33% car- 
bon black. This mixture was dispersed at 12% solids in n-propanol to form a "Macromeft® Stock Solution". 
[0118] 80 parts of the Dispercel® Stock Solution and 20 parts of the Macromelt® Stock Solution were mixed. 
[0119] A cover sheet was removed from a Cyrel® HOS45printing element to reveal a release layer on a 1 .14 mm 

s (45 mil) photopolymerizable layer. The release layer was removed by using adhesive tape to lift and peel the release 
layer from the photopolymerizable layer. The infrared-sensitive solution was coated with a wire-wound bar directly onto 
the photopolymerizable layer of the plate. The top surface of the photosensitive element was tacMree. The photosen- 
sitive element with the infrared-sensitive layer was cut into samples and laser exposed as described in Example 1 
except that the exposure fluence was varied. 

10 [0120] The infrared sensitive layer of all samples was successfully imagewise ablated at the different exposure flu- 
ences. At low exposure fluences, the resulting stain in the ablated areas (as determined by optical density (OD)) de- 
creases with increasing exposure fluence. 



is Claims 

1. A photosensitive element for use as a photopolymer printing plate, comprising: 
(a) a support; 

20 (b) at least one layer of a photopolymerizable material on the support, the photopolymerizable material com- 

prising at least one elastomeric binder, at least one monomer, at least one initiator having sensitivity to non- 
infrared actinic radiation, and optionally at least one plasticizer, wherein at least one of the monomer and the 
optional plasticizer is a low molecular weight material; and 

(c) at least one infrared ablation layer which is ablatable by infrared radiation and substantially opaque to non- 
25 infrared actinic radiation, said infrared ablation layer being in direct contact with the at least one layer of pho- 
topolymerizable material (b) and having a surface opposite the photopolymerizable layer (b) capable of being 
exposed to laser ablation, the infrared layer comprising: 

(i) at least one infrared absorbing material; 

30 (jj) a radiation opaque material, wherein (i) and (ii) can be the same or different; and 

(iii) at least one binder which is substantially incompatible with at least one of the low molecular weight 
materials of layer (b) and which is selected from polyamides, copolymers of ethylene and vinyl acetate, 
hydroxyalkyl cellulose, cellulose acetate butyrate, polybutyral, cyclic rubbers, nitroglycerine, polyacetals, 
polyimides, polycarbonates, polyesters, polyalkylenes, polyphenylene ethers, polyethylene oxides, poly- 

35 lactones, and combinations thereof; and optionally, 

(d) a coversheet; 

wherein the infrared ablation layer is tack-free or substantially tack-free on the photopolymerizable layer 
and is ablatable from the surface of the photopolymerizable layer upon exposure to infrared laser radiation 
40 after removal of the coversheet, if present. 



2. The element of Claim 1, wherein the at least one binder (iii) is selected from polyamides, hydroxyalkyl cellulose, 
copolymers of ethylene and vinyl acetate, cellulose acetate butyrate, polybutyrals, cyclic rubbers, and combinations 
thereof. 

45 

3. The element of Claim 1 , wherein the at least one binder (iii) is tack-free or substantially tack-free. 

4. The element of Claim 1, wherein the infrared ablation layer further comprises a secondary binder selected from 
copolymers of styrene and acrylic acid, copolymers of polyvinylpyrollidone and vinyl acetate, and polyvinylpyrol- 

50 lidone. 



5. The element of Claim 1 , wherein the infrared absorbing material or the radiation opaque material or both the 
infrared absorbing material and the radiation opaque material are non-migratory. 

55 6. The element of Claim 1, wherein the infrared absorbing material (i) is the same as the radiation opaque material 
(ii) and is 10 to 60 % by weight based on the total weight of the infrared ablation layer. 

7. The element of Claim 6, wherein the infrared absorbing material is selected from carbon black, graphite, and 
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mixtures thereof. 

8. The element of Claim 7, wherein the binder (iii) is selected from polyamides and a mixture of polyamides and 
amphoteric interpolymers. 

s 

9. The element of Claim 1 , wherein the at least one plasticizer is present and wherein the binder (iii) is substantially 
incompatible with the at least one monomer and the at least one plasticizer. 

1 0. The element of Claim 1 , wherein the molecular weight is a weight average molecular weight and is less than 30,000. 

10 

11. A process for making a flexographic photopolymer printing plate comprising, in order: 

(1 ) providing a photosensitive element according to anyone of claims 1 to 10; 

(2) removing the coversheet when present; 

is (3) imagewise ablating layer (c) with infrared laser radiation to form a mask; 

(4) overall exposing the photosensitive element to actinic radiation through the mask; and 

(5) treating the product of step (4) with at least one developer solution to remove (I) the infrared ablation layer 
which was not removed during step (3), and (II) the areas of the photopolymerizable layer (b) which were not 
exposed to non-infrared actinic radiation. 

20 

12. The process of Claim 11, which further comprises after step (1) and prior to step (5); 

(6) backflash exposing the element overall to non-infrared actinic radiation through the support. 

13. The process of Claim 11, further comprising a post-exposure step after step (5). 

25 

14. The process of Claim 11 , further comprising a detackification treatment after step (5). 

15. The process of Claim 14, wherein the detackification treatment comprises exposure to light having a wavelength 
not longer than 300 nm. 

30 

16. The process of Claim 11, wherein the overall exposing step is conducted in the presence of a vacuum. 

17. The process of Claim 11, wherein the overall exposing step is conducted in the presence of atmospheric oxygen. 

35 18. The process of Claim 11, wherein the infrared laser radiation of step (3) is from a laser having a wavelength of 
780 to 2000 nm. 

19. The process of Claim 18, wherein the laser is a Nd:YAG laser. 

to 20. The process of Claim 11 , further comprising: 

(1 A) preparing the infrared ablation layer (c) comprising: 

(1A.1) precompounding the infrared absorbing material (i) and optionally the radiaton opaque material 
45 and a portion of the total amount of binder (iii), to form a mixture; 

(1 A.2) diluting the mixture of (1.A.1) with the remaining portion of the binder (iii); 

(1 A. 3) optionally mixing with the mixture of (1 A.2) the radiation opaque material when not precompouded 

in (1A.1); wherein the mixtures of (1A.1) or (1 A.2) or (1 A. 3) are dispersed in a solvent or solvent mixture; 

and 

50 (1 a. 4) applying the mixture of (1 A.2) or(1 A.3) which was dispersed in the solvent or the solvent mixture 

to the photopolymerizable layer. 

21. The process of Claim 11, further comprising: 

55 (1 A) preparing the infrared ablation layer (c) comprising: 

(1A.1) precompounding the infrared absorbing material (i) and optionally the radiaton opaque material 
and the total amount of binder (iii), to form a mixture wherein the mixture is dispersed in a solvent or 
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solvent mixture; and; 

(1A.2) applying the mixture of (1A.1) which was dispersed in the solvent or the solvent mixture to the 
photopolymerizable layer. 

Revendicatlons 

1. Element photosensible destine a une utilisation comme plaque d'impression photopolymere, comprenant : 

(a) un support; 

(b) au moins une couche de materiau photopolymerisable sur le support, le materiau photopolymerisable 
comprenant au moins un liant eiastomere, au moins un monomere, au moins un inrtiateur ayant une sensibilite 
a un rayonnement actinique non infra rouge, et facultativement au moins un plastifiant, au moins Tun du mo- 
nomere et du plastifiant facultatif etant un materiau de bas poids moieculaire, et 

(c) au moins une couche d'ablation par inf rarouges qui est ablatable par un rayonnement infrarouge et prati- 
quement opaque a un rayonnement actinique non infrarouge, ladite couche d'ablation par infrarouges etant 
en contact direct avec la au moins une couche de materiau photopolymerisable (b) et ayant une surface 
oppose" e a la couche photopolymerisable (b) capable d'etre exposed a une ablation par laser, la couche in- 
frarouge comprenant : 

(i) au moins un materiau absorbant les infrarouges; 

(ii) un materiau opaque aux rayonnements, (i) et (ii) pouvant etre identiques ou differents, et 

(iii) au moins un liant qui est pratiquement incompatible avec au moins I'un des materiaux de bas poids 
moieculaire de la couche (b) et qui est seiectionne parmi des polyamides, des copolymeres d'ethylene et 
d'acetate de vinyle, une hydroxyalkylcellulose, I'acetate-butyrate de cellulose, un polybutyral, des caout- 
choucs cycliques, la nitroglycerine, des polyac6tals, des polyimides, des polycarbonates, des polyesters, 
des polyalkylenes, des poly(6thers de phenylene), des poly(oxydes d'ethylene), des polylactones et des 
combinaisons de ceux-ci, et, facultativement, 

(d) une feuille de recouvrement, 

la couche d'ablation par infrarouges etant exempts de poisseux ou pratiquement exempte de poisseux 
sur la couche photopolymerisable et etant ablatable de la surface de la couche photopolymerisable par ex- 
position a un rayonnement laser infrarouge apres enlevement de la feuille de recouvrement, si celle-ci est 
presente. 

2. Element suivant la revendication 1 , dans lequel le au moins un liant (iii) est seiectionne parmi des polyamides, 
une hydroxyalkylcellulose, des copolymeres d'ethylene et d'acetate de vinyle, de I'acetate-butyrate de cellulose, 
des polybutyrals, des caoutchoucs cycliques et des combinaisons de ceux-ci. 

3. Element suivant la revendication 1 , dans lequel le au moins un liant (iii) est exempt de poisseux ou pratiquement 
exempt de poisseux. 

4. Element suivant la revendication 1, dans lequel la couche d'ablation par infrarouges comprend en outre un liant 
secondaire seiectionne parmi des copolymeres de styrene et d'acide acrylique, des copolymeres de polyvinylpyr- 
rolidone et d'acetate de vinyle, et de la polyvinylpyrrolidone. 

5. Element suivant la revendication 1 , dans lequel le materiau absorbant les infrarouges ou le materiau opaque aux 
rayonnements ou tant le materiau absorbant les infrarouges que le materiau opaque aux rayonnements sont non 
migrateurs. 

6. Element suivant la revendication 1 , dans lequel le materiau absorbant les infrarouges (i) est identique au materiau 
opaque aux rayonnements (ii) et est de 10 a 60% en poids, sur base du poids total de la couche d'ablation par 
infrarouges. 

7. Element suivant la revendication 6, dans lequel le materiau absorbant les infrarouges est seiectionne parmi le noir 
de carbone, le graphite et les melanges de ceux-ci. 

8. Element suivant la revendication 7, dans lequel le liant (iii) est seiectionne parmi des polyamides et un melange 
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de polyamides et d'interpolymeres amphoteres. 

9. Element suivant la revendication 1, dans lequel le au moins un plastifiant est present et dans lequel le liant (iii) 
est pratiquement incompatible avec le au moins un monomers et avec le au moins un plastifiant. 

10. Element suivant la revendication 1, dans lequel le poids moieculaire est un poids moieculaire moyen en poids et 
est inferieur a 30 000. 

11. Proc6d6 de fabrication d'une plaque d'impression photopolymere flexographique comprenant, dans I'ordre : 

(1) la fourniture d'un element photosensible suivant I'une quelconque des revendications 1 a 10; 

(2) I'enlevement de la feuille de recouvrement si celle-ci est presente; 

(3) Pablation sous forme d'image de la couche (c) avec un rayonnement laser infrarouge pour former un mas- 
que; 

(4) I'exposition globale de I'element photosensible a un rayonnement actinique au travers du masque, et 

(5) le traitement du produit de I'etape (4) avec au moins une solution de r6v6lateur pour eiiminer (I) la couche 
d'ablation par infrarouges qui n'a pas ete elminee au cours de I'etape (3), et (II) les zones de la couche 
photopolym6risable (b) qui n'ont pas ete expos6es a un rayonnement actinique non infrarouge. 

12. Precede" suivant !a revendication 11, comprenant en outre, apres I'etape (1) et avant I'etape (5), 

(6) Texposition globale par I'arriere de I'eiement a un rayonnement actinique non infrarouge au travers du 
support. 

13. Procede suivant la revendication 11, comprenant en outre une etape de post-exposition apres I'etape (5). 

1 4. Proc6de suivant la revendication 1 1 , comprenant en outre un traitement destine" a eiiminer le poisseux apres I'etape 
(5). 

15. Proc6de suivant la revendication 14, dans lequel le traitement destine a eiiminer le poisseux comprend une ex- 
position a une lumiere ayant une longueur d'onde qui ne depasse pas 300 nm. 

16. Procede suivant la revendication 11 , dans lequel I'etape d'exposition globale est executee en presence d'un vide. 

17. Procede suivant la revendication 1 1 , dans lequel I'etape d'exposition globale est executee en presence d'oxygene 
atmospherique. 

18. Procede suivant la revendication 11 , dans lequel le rayonnement laser infrarouge de I'etape (3) provient d'un laser 
ayant une longueur d'onde de 780 a 2000 nm. 

19. Proc6d6 suivant la revendication 18, dans lequel le laser est un laser Nd:YAG. 

20. Proc6d6 suivant la revendication 11 , comprenant en outre : 

(1 A) la preparation de la couche d'ablation par infrarouges (c), comprenant : 

(1A.1) le premeiange du matSriau absorbant les infrarouges (i) et, facultativement, du materiau opaque 
aux rayonnements, et d'une partie de la quantite totale de liant (iii), de maniere a former un melange; 
(1 A.2) la dilution du melange de (1A.1) avec la partie restante du liant (iii); 

(1 A.3) le m6lange facultatif avec le melange de (1 A.2) du materiau opaque aux rayonnements s'il n'a pas 
6\6 premelange dans (1 A.1), les melanges de (1 A.1) ou (1 A.2) ou (1 A.3) Stant disperses dans un solvant 
ou dans un melange de solvants, et 

(1 A. 4) Tapplication du melange de (1 A.2) ou (1 A.3) qui a ete disperse dans le solvant ou dans le melange 
de solvants sur la couche photopolym6risable. 

21 . Precede suivant la revendication 11, 
comprenant en outre : 
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(1 A) la preparation de la couche d'ablation par infrarouges (c), comprenant : 

(1 A.1) le premelange du materiau absorbant les infrarouges (i) et, facultativement, du materiau opaque 
aux rayonnements, et de la quantite totale de liant (iii), de maniere a former un melange dans lequel le 
melange est disperse dans un solvant ou dans un melange de solvants, et 

(1 A:2) Implication du melange de (1 A. 1 ) qui a ete disperse dans le solvant ou dans le melange de solvants 
sur la couche photopolymerisable. 



Patentanspruche 

1. Lichtempfindliches Element zur Verwendung als Photopolymer-Druckplatte, umfassend: 

(a) einen Trager, 

(b) wenigstens eine Schicht aus einem photopolymerisierbaren Material auf dem Trager, wobei das photopo- 
lymerisierbare Material wenigstens ein elastomeres Bindemittel, wenigstens ein Monomer, wenigstens einen 
Initiator, der gegenuber nichtinfraroter, aktinischer Strahlung empfindlich ist, und gegebenenfalls wenigstens 
einen Weichmacher umfaGt, worin wenigstens entweder das Monomer oder der wahlweise Weichmacher ein 
Material niedriger Molmasse ist; und 

(c) wenigstens eine Infrarot-Ablationsschicht, welche durch Infrarotstrahlungabtragbar ist und im wesentiichen 
gegenuber nichtinfraroter, aktinischer Strahlung lichtundurchlassig ist, wobei die Infrarot-Ablationsschicht zu 
der wenigstens einen Schicht aus photopolymerisierbarem Material (b) in direktem Kontakt stent und eine der 
photopolymerisierbaren Schicht (b) gegenuberliegende Flache aufweist, die einer Laserablation ausgesetzt 
werden kann, wobei die infrarote Schicht umfaGt: 

(i) wenigstens ein infrarotabsorbierendes Material; 

(ii) ein strahlungsundurchlassiges Material, worin (i) und (ii) gleich oder voneinander verschieden sein 
konnen, und 

(iii) wenigstens ein Bindemittel, das im wesentiichen mit wenigstens einem der Materialien mit niedriger 
Molmasse der Schicht (b) inkompatibel ist und aus Polyamiden, Copolymeren von Ethylen und Vinylacetat, 
Hydroxyalkylcellulose, Celluloseacetatbutyrat, Polybutyral, cyclischen Kautschuken, Nitroglycerin, Poly- 
acetalen, Polyimiden, Polycarbonaten, Polyestem, Polyalkylenen, Polyphenylenethem, Poly ethyl enoxi- 
den, Polylactonen und Kombinationen derselben ausgewahlt ist; und gegebenenfalls 

(d) eine Abdeckfolie; 

worin die Infrarot-Ablationsschicht auf der photopolymerisierbaren Schicht nichtklebrig oder im wesentiichen 
nichtklebrig ist und bei der Belichtung mit Infrarot-Laserstrahlung nach dem Entfernen der Abdeckfolie, falls 
dieselbe vorliegt, von der Oberflache der photopolymerisierbaren Schicht abtragbar ist. 

2. Element gemaG Anspruch 1, worin das wenigstens eine Bindemittel (iii) aus Polyamiden, Hydroxyalkylcellulose, 
Copolymeren von Ethylen und vinylacetat, Celluloseacetatbutyrat, Polybutyral, cyclischen Kautschuken und Kom- 
binationen derselben ausgewahlt ist. 

3. Element gemaG Anspruch 1, worin das wenigstens eine Bindemittel (iii) nichtklebrig oder im wesentiichen nicht- 
klebrig ist. 

4. Element gemaG Anspruch 1 , worin die Infrarot-Ablationsschicht weiterhin ein sekundares Bindemittel umfaGt, das 
aus Copolymeren von Styrol und Acrylsaure, Copolymeren von Polyvinylpyrrolidon und Vinylacetat und Polyvinyl- 
pyrrolidon ausgewahlt ist. 

5. Element gemaG Anspruch 1 , worin das infrarotabsorbierende Material oder das strahlungsundurchlassige Material 
oder sowohl das strahlungsundurchlassige Material als auch das infrarotabsorbierende Material nicht wandern 
konnen. 

6. Element gemaG Anspruch 1 , worin das infrarotabsorbierende Material (i) gleich dem strahlungsundurchlassigen 
Material (ii) ist und 10 bis 60 Gew.-%, bezogen auf das Gesamtgewicht der Infrarot-Ablationsschicht, ausmacht. 

7. Element gemaG Anspruch 6, worin das infrarotabsorbierende Material aus RuG, Graphit und Mischungen dersel- 
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ben ausgewahft ist. 

8. Element gemaB Anspruch 7, worin das Bindemittel (iii) aus Polyamiden und einer Mischung von Polyamiden und 
amphoteren Interpolymeren ausgewahlt ist. 

5 

9. Element gemaB Anspruch 1, worin der wenigstens eine Weichmacher vorliegt und worin das Bindemittel (iii) im 
wesentlichen mit dem wenigstens einen Monomer und dem wenigstens einen Weichmacher inkompatibel ist. 

10. Element gemaB Anspruch 1 , worin die Molmasse das Massenmittel der Molmasse und geringer als 30 000 ist. 

10 

11. Verfahren zur Herstellung einer flexographischen Photopolymer-Druckplatte, das in der Reihenfolge 

(1) die Bereitstellung eines lichtempfindlichen Elements gemaB irgendeinem der Anspruche 1 bis 10, 

(2) das Entfemen der Abdeckfolie, falls sie vorliegt, 

' 5 (3) das bildweise Abtragen der Schicht (c) mit Infrarotlaser-Strahlung unter Bildung einer Maske, 

(4) die Einwirkung von aktinischer Strahlung durch die Maske auf das gesamte lichtempfindliche Element und 

(5) die Behandlung des Produkts der Stufe (4) mit wenigstens einer Entwicklerlosung, urn (I) die Infrarot- 
Ablationsschicht, die wahrend der Stufe (3) nicht entfernt wurde, und (II) die Bereiche der photopolymerisier- 
baren Schicht (b), die nicht mit nicht infraroter, aktinischer Strahlung belichtet wurden, zu entfernen, 

20 

umfaBt. 

12. Verfahren gemaB Anspruch 11, welches weiterhin nach der Stufe (1) und vor der Stufe (2) 

(6) die Ruckseiten-Blitzbelichtung des gesamten Elements mit nichtinfraroter, aktinischer Strahlung durch 
25 den Trager umfaBt. 

13. Verfahren gemaB Anspruch 11, welches weiterhin eine Nachbelichtungsstufe nach der Stufe (5) umfaBt. 

14. Verfahren gemaB Anspruch 11, welches weiterhin eine klebfreimachende Behandlung nach der Stufe (5) umfaBt. 

30 

15. Verfahren gemaB Anspruch 14, worin die klebfreimachende Behandlung die Einwirkung von Licht einer Wellen- 
lange von nicht mehr als 300 nm umfaBt. 

16. Verfahren gemaB Anspruch 11 , worin die Stufe der Gesamtbelichtung in Gegenwart eines vakuums durchgefuhrt 
35 wird. 

17. Verfahren gemaB Anspruch 11, worin die Stufe der Gesamtbelichtung in Gegenwart von atmospharischem Sau- 
erstoff durchgefuhrt wird. 

40 18. Verfahren gemaB Anspruch 11 , worin die Infrarot-Laserstrahlung der Stufe (3) aus einem Laser mit einer Wellen- 
lange von 780 bis 2000 nm stammt. 

19. Verfahren gemaB Anspruch 18, worin der Laser ein Nd;YAG-Laser ist. 

45 20. Verfahren gemaB Anspruch 11, das weiterhin 

(1A) die Herstellung der Infrarot-Ablationsschicht (c), umfassend: 

(1A.1) die Vorkompoundierung des infrarotabsorbierenden Materials (i) und gegebenenfalls des strah- 
50 lungsundurchlassigen Materials und eines Teils der Gesamtmenge des Bindemittels (iii), urn eine Mi- 

schung zu bilden; 

(1 A.2) das Verdunnen der Mischung von (1 A.1 ) mit dem verbleibenden Teil des Bindemittels (iii); 
(1 A. 3) das wahlweise Vermischen des strah lungsundurchlassigen Materials, wenn es nicht in (1 A.1 ) vor- 
kompoundiert wurde, mit der Mischung von (1A.2), worin die Mischungen von (1A.1) Oder (1A.2) oder 
55 (1A.3) in einem Ldsungsmittel oder einem Losungsmittelgemisch dispergiert werden, und 

(1 A. 4) das Auftragen der Mischung von (1 A.2) oder (1 A.3), die in dem Ldsungsmittel oder dem Losungs- 
mittelgemisch dispergiert wurde, auf die photopolymerisierbare Schicht, 
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umfaBt. 

21. Verfahren gemaG Anspruch 11, das weiterhin 

(1A) die Herstellung der Infrarot-Ablationsschicht (c), umfassend: 

(1A.1) die Vorkompoundierung des infrarotabsorbierenden Materials (i) und gegebenenfalls des strah- 
lungsundurchlassigen Materials und der Gesamtmenge des Bindemittels (iii), urn eine Mischung zu bilden, 
worin die Mischung in einem Losungsmittel oder Losungsmitteigemisch dispergiert ist, und 
(1 A. 2) das Auftragen der Mischung von (1 A.1), die in dem Losungsmittel oder dem Losungsmitteigemisch 
dispergiert wurde, auf die photopolymerisierbare Schicht, 

umfaGt. 
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